Abstract Hepatitis B virus (HBV) infection is a major public health problem worldwide. China has the world's largest burden of HBV infection and will be a major contributor towards the global elimination of hepatitis B disease by 2030. The country has made good progress in reducing incidence of HBV infection in the past three decades. The achievements are mainly due to high vaccination coverages among children and high coverage of timely birth-dose vaccine for prevention of mother-to-child transmission of HBV (both > 95%). However, China still faces challenges in achieving its target of 65% reduction in mortality from hepatitis B by 2030. Based on targets of the World Health Organization's Global health sector strategy on viral hepatitis 2016-2021, we highlight further priorities for action towards HBV elimination in China. To achieve the impact target of reduced mortality we suggest that the service coverage targets of diagnosis and treatment should be prioritized. First, improvements are needed in the diagnostic and treatment abilities of medical institutions and health workers. Second, the government needs to reduce the financial burden of health care on patients. Third, better coordination is needed across existing national programmes and resources to establish an integrated prevention and control system that covers prevention, screening, diagnosis and treatment of HBV infection across the life cycle. In this way, progress can be made towards achieving the target of eliminating hepatitis B in China by 2030. 
Introduction
Hepatitis B virus (HBV) infection is a major public health problem worldwide. The World Health Organization (WHO) estimated that 257 million people were living with chronic HBV infection in 2015 and that hepatitis B results in 887 000 deaths every year worldwide. 1, 2 To take action on sustainable development goal 3.3 on combating hepatitis, the World Health Assembly approved the global health sector strategy to eliminate viral hepatitis as a public health threat by 2030, with a target of reducing new infections by 90% and mortality by 65%. 3 According to the global strategy, elimination of hepatitis B disease requires synergy across five core interventions: (i) immunization against hepatitis B; (ii) prevention of mother-to-child transmission (PMTCT) of HBV; (iii) blood and injection safety; (iv) harm reduction services for people who inject drugs; and (v) increased testing and treatment. 3 To evaluate the global strategy, WHO also proposed a monitoring and evaluation framework for hepatitis B with 10 core indicators ( Fig. 1) . 4 China has the world's largest burden of HBV infection and will be a major contributor to the global elimination of hepatitis B by 2030. 5, 6 The country has made good progress in combating hepatitis B in the past three decades. However, with the largest population in the world (1.39 billion in 2017), the absolute number of HBV-infected people in China is large at around 70 million. 7 China still faces challenges to achieving the goal of hepatitis B elimination by 2030. 4 In this paper we summarize China's achievements and gaps in progress towards elimination of hepatitis B by 2030. We highlight further priorities for action and make suggestions on the implementation roadmap for hepatitis B elimination in China.
Approach
We conducted an online search for articles published before 20 November 2018. We searched the PubMed®, EMBASE® and the Cochrane Library databases for English language articles and the China National Knowledge Infrastructure and Wanfang databases for Chinese language articles. We used the search terms "hepatitis B", "elimination of hepatitis", "epidemiology", "vaccination", "PMTCT", "blood safety", "safe injection", "harm reduction", "diagnosis" and "treatment." We also reviewed reports and health statistical yearbooks from WHO, the Joint United Nations Programme on HIV/AIDS and the Chinese government published over the past three decades. We based our analysis on the core indicators of the framework of the WHO Monitoring and evaluation for viral hepatitis B and C evaluation 4 and the targets of the Global health sector strategy on viral hepatitis 2016-2021. 3 
Progress Prevalence
In the past three decades, China has changed from a highly endemic to an intermediate endemic area for HBV infection. 7, 8 According to the data from national surveys in China, the weighted prevalence of hepatitis B surface antigen (HBsAg) adjusted for people aged 1-59 years declined from 9.8% in 1992 to 7.2% in 2006. 9 Weighted HBsAg prevalence among people aged 1-29 years declined during 1992-2006, from 10.1% to 5.5% and during 2006-2014, from 5.5% to 2.6%. 8 At present, it is estimated that there are about 70 million HBsAg carriers (5-6% prevalence).
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Testing and diagnosis
Testing and diagnosis of HBV infection is the gateway for patients to access both prevention and treatment services, and is a crucial component of an effective response to the hepatitis B epidemic. 11 In 2017, China updated its national viral hepatitis prevention and control plan (2017) (2018) (2019) (2020) . 12 To increase the coverage of testing, the Chinese government requires medical institutions to screen for hepatitis B in all pregnant women during antenatal care and in patients who are undergoing surgery, hospitalization, haemodialysis or invasive diagnosis and treatment. 12 The coverage of diagnosis has been improved due to the increasing proportion of pregnant women attending antenatal care (from 69.7% of 11.75 million live births in 1992 to 96.6% of 18.47 million live births in 2016) and the number of surgeries among inpatients (from 14.0 million in 2002 to 50.8 million in 2016). 13 In addition, China launched the national preconception health examination project in 2010 to provide free health check-ups for reproductive couples (including free HBV serological testing) in 100 counties and then expanded it nationally in 2013.
14 A study in rural China reported that nearly 1 in 10 couples preparing for pregnancy (202 816 out of 1 936 801 couples) are either discordant or both positive for HBsAg. 15 From 2010 to 2016, the Chinese government allocated 7.25 billion Chines yuan (¥; ¥ 1equivalent to 0.15 United States dollars) for the national preconception health examination project and screened around 60.5 million couples.
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Vaccination coverage
To combat hepatitis B, the Chinese government has made timely vaccination on newborns and infants its highest priority. 9 In 1992, China was among the first developing countries to enact a universal hepatitis B vaccination programme for newborns and infants. 9 China has integrated hepatitis B vaccine into the national expanded programme on immunization and provided free vaccination since 2002. 9 The Chinese government allocated approximately ¥ 5.3 billion for neonatal hepatitis B vaccination from 1992 to 2005 and ¥ 15 billion for the procurement of national immunization vaccines and syringes. 18, 19 From 2009 to 2011, a catch-up campaign was launched for children younger than 15 years, which succeeded in vaccinating nearly 68 million children. 20 With the support of national financial funds, vaccination coverage has been effectively guaranteed. Reported coverage of three doses of hepatitis B for infants has increased from 30.0% in 1992 to 99.6% in 2015, and timely birth-dose coverage has increased from 22.2% in 1992 to 95.6% in 2015 (Fig. 2) . [20] [21] [22] [23] [24] Meanwhile, timely birth-dose coverage is also guaranteed by the high hospital delivery rate which has increased from 52.7% of live births in 1992 to 99.8% of live births in 2016. 13 Hepatitis B threedose coverage and timely birth-dose coverage in China have both achieved the service coverage target of 90% in the elimination of hepatitis B.
Mother-to-child transmission is the main route of HBV transmission in high-endemic areas and is responsible for an estimated 30-50% new infections in China. 25 In 2011, China conducted the national programme for integrated PMTCT of HIV, syphilis and hepatitis B to provide free hepatitis B immunoglobulin within 12 hours after birth and three doses of vaccine for children born to HBV-infected women. 26 The government allocated about ¥ 3.4 billion and covered 1156 out of 2853 counties (41%) in China from 2011 to 2013. 27 The coverage of hepatitis B immunoglobulin in the national integrated PMTCT programme reached 774 916 people (97.7%) in 2013. 28 Since 2015, the national integrated PMTCT programme has expanded nationwide, and the Chinese government continues to invest ¥ 1.4 billion each year to provide free screening for mothers and comprehensive intervention services (including free hepatitis B immunoglobulin) to maintain the progress. 29 The government has achieved the service coverage targets for hepatitis B vaccination and PMTCT of HBV (both are above 90% coverage; Table 1 ).
Harm reduction
Safe injections are defined as injections administered with safety-engineered devices within and outside health facilities. In 2000, China passed the specifications on nosocomial infection management and methods for supervision to ban the reuse of disposable sterile medical devices in health facilities. 29, 32 Meanwhile, to eliminate unsafe vaccine injections, auto-disposable syringes became available for vaccine injections in China since 
Antiviral treatment
Antiviral treatment in patients with chronic hepatitis B is typically a lifelong commitment. Available treatment options for chronic hepatitis B include interferon-α, pegylated interferon-alfa and nucleoside analogues. Entecavir, tenofovir or pegylated interferon-α is recommended for treatment-naïve patients. 36 According to data from the China registry of hepatitis B, by 2016 88.7% of 33 533 patients treated for chronic hepatitis B were receiving nucleoside analogues therapy. 37 Entecavir, lamivudine, adefovir, telbivudine and tenofovir accounted for 51.2%, 18.8%, 16.1%, 12.5% and 1.4% of chronic hepatitis B patients receiving nucleoside analogues therapy, respectively. 37 Compliance is influenced by treatment affordability. The government invested more than ¥ 3 trillion into the health system between 2009 and 2014 to expand the coverage of social insurance schemes to reach 1.3 billion people and establish a national essential medicines system. 30 Tenofovir was added to the national basic medical insurance reimbursement list in 2017, and the average daily cost sharply reduced from ¥ 49.0 to ¥ 16.6 per day. 38 Until 2017, all of the antiviral drugs recommended by the Chinese guidelines (interferonalfa, pegylated interferon-alfa and five nucleoside analogues) are included in the national basic medical insurance reimbursement list as partial out-ofpocket expenses, and this has contributed to the improvement of treatment coverage.
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Incidence
According to the WHO global strategy, the target of 90% reduction in incidence by 2030 is equivalent to a 0.1% prevalence of HBsAg among children. 3 In China, the weighted prevalence of HBsAg has decreased by 97% (from 9.9% in 1992 to 0.3% in 2014) among children younger than 5 years. 8 This shows that China has achieved the target of 30% reduction in incidence, equivalent to 1% prevalence of HBsAg among children, by 2020. 1, 3 The success can be attributed to the effective implementation of the universal hepatitis B vaccination programme for infants and the national integrated PMTCT programme among children born to HBV-infected women.
Challenges
We have analysed progress towards elimination of hepatitis B by 2030 in China according to the impact and coverage targets of the WHO global strategy. As shown in Table 1 , there are small or no gaps in meeting the targets of reducing incidence, vaccination, PMTCT, blood safety, safe injections and harm reduction. However, there are large gaps towards reaching the targets of reducing mortality and increasing coverage of diagnosis and treatment, showing that China still faces challenges in elimination of HBV infection by 2030.
Reducing mortality
Globally, HBV-related liver disease represents the seventh highest cause of mortality worldwide. 39 Deaths due to HBV-related liver diseases in China (0.308 million deaths per year) account for more than 30% of the global mortality from HBV (0.887 million deaths per year). At present, estimations suggest that in China there are 20-30 million people with chronic hepatitis B, 1 million with liver cirrhosis and 0.3 million with hepatocellular carcinoma caused by hepatitis B. 40 The mortality rate of HBV-related cirrhosis and other chronic liver diseases decreased from 7.45 to 5.82 per 100 000 people from 1990 to 2016, and the mortality rate of HBV-related liver cancer in China increased from 12.88 per 100 000 people in 1990 to 16.42 per 100 000 people in 2016 (Fig. 3) . 6 The annual disability-adjusted life-years of liver cancer caused by hepatitis B in China from 1990 to 2016 was consistently higher than the global level: 400 versus 130 per 100 000 person-years (Fig. 4) . 6 Low coverage of diagnosis and treatment of hepatitis B has contributed to the challenges of reducing mortality. 
Increasing coverage
High coverage of hepatitis B diagnosis and treatment have become the most difficult targets to achieve globally. Currently, it is estimated that only 16.1 million (19%) of chronic HBV-infected people are diagnosed in China (versus 90% in the 2030 targets), 10 and only 2.8 million (10-11%) of patients with chronic hepatitis B are currently receiving the needed treatment (versus 80% in 2030 targets). 5, 10 Several reasons can explain low coverage of diagnosis, inadequate accessibility and poor adherence to treatment. First, the distribution of medical resources in China is still not geographically equal, and there are discrepancies across regions in the diagnostic abilities of medical institutions and health workers. Diagnosis coverage is affected by the number of facilities with capacity to test for HBV. A nationwide provider survey conducted in 2015 among 149 community health centres in China showed that the majority of centres (119; 80%) offered HBV testing, and doctors felt that the major barriers for not offering testing were lack of training (444/827; 54%) and financial support (187/827; 23%). 41 Second, both treatment rates and patient compliance are hindered by the high cost of antiviral treatment and the limited proportion of medical insurance payments. Third, institutional and governance fragmentation hampers concerted efforts made to combat hepatitis B.
30 Different government agencies are involved in combating hepatitis B, while each pursues its bureaucratic objectives with a limited vision beyond its own sphere of decisionmaking. 30 The Chinese government has invested a large amount of money on free-of-charge vaccination and testing services in the expanded programme on immunization, the national preconception health examination project and the national integrated PMTCT programme, however, these programmes, operate in relative isolation and not linked with each other.
Priorities for action
From the analysis of gaps towards meeting the 2030 targets (Table 1) , we suggest that priority should be given to improving the service coverage targets of hepatitis B diagnosis and treatment to achieve the impact target of 65% reduction in mortality.
First, exploring the tiered mode of health-care delivery and improve the diagnostic and treatment abilities of medical institutions and health workers for chronic hepatitis B in China is necessary.
In March 2018, the National Health and Family Planning Commission of China was renamed as the National Health Commission and prioritized universal health care. This prioritization will help the nation achieve its Healthy China 2030 plan, including HBV elimination by 2030. For instance, health-care workers could provide continuous and comprehensive care on the diagnosis, treatment, nursing and rehabilitation of chronic hepatitis B patients. This care strategy could be achieved via vertical integration of care provided within hospitals, primary care and communities by establishing multidisciplinary teams, evidence-based integrated clinical pathways and referral systems, and individualized care plans for chronic hepatitis B patients. 30 By taking advantage of health-care system reform, the Chinese government could reshape the delivery system for HBV-related services and strengthen the professional training of health workers to provide an optimal service guarantee for HBV elimination by 2030.
Second, providing optimal and affordable financial support for the elimination of hepatitis B by 2030 and reducing the financial burden of health care for patients is necessary. The percentage of out of pocket payments made by patients affects accessibility and utilization of health-care services for households. 42 In November 2018, three first-line HBV therapeutic drugs (entecavir, plustenofovir and pegylated interferon-α) were newly included in the 2018 edition of the China national essential drugs list. 43 The next step is to add these first-line therapeutic drugs into the medical insurance catalogue or adjust the reimbursement category so that all the costs are reimbursed by the national basic medical insurance. Medical costs for the diagnosis and treatment of liver disease related to hepatitis B could be reduced to improve the affordability of individual therapies. This reduction could be done by taking full advantage of all the basic medical insurance categories in China. In addition, social resources (for example, commercial health insurance) could be encouraged as a good supplement to the basic medical insurance. Patients with better economic conditions could choose commercial health insurance to cover the costs of diagnosis and treatment of HBV infection, liver cirrhosis, hepatocellular carcinoma and other HBV-related diseases, which the basic medical insurance could not cover. 
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Third, by increasing the service coverage targets of diagnosis and treatment, China could integrate existing national programmes related to hepatitis B; optimize health-care resource allocation; reduce inefficient service delivery and fragmentation; and establish an integrated care model to combat hepatitis B across the life cycle from newborn to adulthood. 30 These actions could provide the optimal implementation path for achieving the 2030 HBV goal. Specifically, the Chinese government could combine the national integrated programme for PMTCT of HIV, syphilis and hepatitis B with the national free preconception health examination project. This action would establish a comprehensive prevention and control strategy by treating the family as a unit through the continuum of detection, immunization, treatment and elimination of hepatitis B. By integrating existing national programmes covering infancy and the pre-pregnancy and perinatal periods, health-care services in China could provide timely counselling for infected individuals on how to prevent hepatitis disease transmission and progression as well as identify and vaccinate susceptible contacts. Young adults diagnosed with infection in the national free preconception health examination project and who might not have yet progressed to late-stage liver disease could receive more timely and effective treatments in the early stage. 44 Social drivers can also affect progress on HBV elimination, such as patients' educational level, occupation and income, and the country's reimbursement policies. Previous studies showed that knowledge about HBV among the public was still limited, especially among less-educated groups. 45, 46 Limited awareness and lack of knowledge about HBV infection and HBV-related diseases is one of the barriers to timely diagnosis and treatment. 39 Moreover, utilization of antiviral therapy is limited by cost and availability, particularly when patients are not covered by health insurance. 47 The inequalities in socioeconomic levels and disparities in the proportion of health insurance payments of different regions affect the availability and compliance of antiviral therapy in China and other developing countries. The Chinese government should further raise the awareness and knowledge of HBV testing and treatment among the public and improve reimbursement policies or set up a special government fund to improve affordability of care and hence patient compliance.
In conclusion, China has made good progress on reducing HBV incidence in the past three decades. However, the country still faces challenges to achieve its target of 65% reduction on mortality by 2030. To eliminate the gap in mortality, we suggest that priority should be given to achieving the service coverage targets of diagnosis and treatment. The Chinese government needs to (i) improve the diagnostic and treatment abilities of medical institutions and health workers; (ii) reduce the health-care financial burden for patients; and (iii) integrate existing national programmes and resources to establish a system that covers prevention, screening, diagnosis and treatment of HBV infection across the life cycle. 
Резюме Обратный отсчет до 2030 года: ликвидация гепатита В в Китае
Инфекция вирусом гепатита В (HBV) представляет собой одну из самых серьезных проблем общественного здравоохранения во всем мире. Бремя этого заболевания в Китае крупнейшее в мире, и эта страна должна будет внести основной вклад в ликвидацию гепатита В в масштабах планеты к 2030 году. Китай хорошо продвинулся на пути снижения уровня инфицирования HBV за последние три десятилетия. Этими достижениями он обязан в основном высокому покрытию вакцинированием среди детей и высокому уровню своевременной вакцинации в момент рождения для предотвращения передачи гепатита В от матери ребенку (оба показателя превышают 95%). Однако Китай все еще сталкивается с затруднениями в достижении своей цели -снижения смертности от гепатита В на 65% к 2030 году. Основываясь на целях Глобальной стратегии сектора здравоохранения по вирусному гепатиту 2016-2021 гг. Всемирной организации здравоохранения, авторы обозначают будущие приоритеты для действий в направлении ликвидации HBV в Китае. Для того чтобы достичь заданной цели снижения смертности, авторы предлагают выдвинуть на первое место цели, связанные с охватом диагностикой и лечением. Прежде всего нужно достичь улучшений в части возможностей для диагностики и лечения как для медицинских учреждений, так и для медицинских работников. Во-вторых, правительству следует снизить бремя финансовых расходов по здравоохранению, которое возлагается на пациентов. В-третьих, существующие национальные программы и ресурсы должны лучше координироваться для создания единой системы профилактики и контроля, которая бы охватывала задачи профилактики, скринингового обследования, диагностики и лечения инфекции HBV на протяжении жизненного цикла. Таким путем можно достичь прогресса в достижении цели ликвидации гепатита В в Китае к 2030 году.
Resumen
Conteo regresivo hasta 2030: eliminación de la enfermedad de la hepatitis B, China
La infección por el virus de la hepatitis B (VHB) es un gran problema de sanidad pública en todo el mundo. China tiene la mayor carga de infección por VHB en el mundo y será uno de los principales contribuyentes a la eliminación mundial de la enfermedad de la hepatitis B para 2030. En las últimas tres décadas, el país ha hecho grandes progresos en la reducción de la incidencia de la infección por el VHB. Los logros se deben principalmente a la alta cobertura de vacunación entre los niños y a la alta cobertura de la vacuna de dosis oportuna al nacer para la prevención de la transmisión maternoinfantil del VHB (ambas > 95 %). Sin embargo, China sigue teniendo dificultades para alcanzar su objetivo de reducir en un 65 % la mortalidad por hepatitis B para 2030. Basados en los objetivos de la Organización Mundial de la Salud sobre la Estrategia global del sector sanitario para la hepatitis viral 2016-2021, destacamos otras prioridades de acción para la eliminación del VHB en China. Para lograr el objetivo de impacto de la reducción de la mortalidad, sugerimos que se prioricen los objetivos de cobertura de los servicios de diagnóstico y tratamiento. En primer lugar, es necesario mejorar la capacidad de diagnóstico y tratamiento de las instituciones médicas y los trabajadores sanitarios. En segundo lugar, el gobierno debe reducir la carga financiera de la atención sanitaria para los pacientes. En tercer lugar, se necesita una mejor coordinación entre los programas y recursos nacionales existentes para establecer un sistema integrado de prevención y control que abarque la prevención, el cribado, el diagnóstico y el tratamiento de la infección por VHB a lo largo de todo el ciclo de vida. De esta manera, se puede avanzar hacia el objetivo de eliminar la hepatitis B en China para 2030.
